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ABSTRACT
Internet is an easy medium for people to collaborate and
crowdsourcing is an eﬃcient feature of social web where
people with common interest and expertise come together
to solve speciﬁc problems by collective thinking and cre-
ate a community. It can also be used to ﬁlter out impor-
tant information from large data, remove spams, and gam-
iﬁcation techniques are used to reward the users for their
contribution and keep a sustainable environment for the
growth of the community. Semantic web technologies can
be used to structure the community data so it can be com-
bined, decentralized and be used across platform. Using
such tools knowledge can be enhanced and easily discovered
and merged together. This paper discusses the concept of
a purposive social network where people with similar inter-
est and varied expertise come together, use crowdsourcing
technique to solve a common problem and build tools for
common purpose. The StackOverﬂow website is chosen to
study the purposive network, diﬀerent network ties and roles
of user is studied. Linked Data is used for name disambigua-
tion of keywords and topics for easier search and discovery
of experts in a ﬁeld and provide useful information that is
otherwise unavailable in the website.
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1. INTRODUCTION
The Web 2.0 social web has provided a platform for peo-
ple to collaborate, solve problems, form communities based
on similar interest and use the collective intelligence for dis-
tributed problem solving and create knowledgebase. Experts
and people with similar interest connect with each other,
create relationships and communities with strong and weak
social bonds. A social network that is formed by people with
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common interest, goal, objective or purpose with explicit or
implicit relation is studied in this case and named purposive
social network. Messaging boards, question-answer forums,
wikis are example of this type of social communities where
people come together to create an emerging knowledge.
The issues with the large communities are to search for
relevant informations and experts. In question and answer-
ing forums many new users are discouraged when they do
not receive appropriate answers to their queries or when
their questions are buried down in the large volume of new
inputs. Also when the questions are repeated experts are
less inclined to answer them and this reduces the eﬃciency,
quality and user experience of the whole system. Another
problem with these communities are the strict categorization
of the data. The system allows user to use tags or categories
from a speciﬁc list that binds the users to a smaller group of
experts in the ﬁeld and when users do not have a conclusive
idea of which category they belong, it makes them harder to
ﬁnd the right solutions to their problems. Also, it is harder
to ﬁnd experts in multiple overlapping ﬁeld because of the
community structure and this increases the long tail of users
who do not receive solutions to their problems.
StackOverﬂow
1 website is studied to analyse purposive
social network. This website is used by computer program-
mers to ask questions and other expert programmers answer
the questions, vote the questions and answers and keep qual-
ity control. Crowdsourcing is used to create an emergent
knowledgebase, to ﬁlter spam and keep the quality of ques-
tions and answers high and the incentive system keeps user
motivated to contribute and solve problems. The public data
of the website is analyzed and diﬀerent characteristics and
issues of the purposive social network is studied alongside
the incentive model of the website that encourage people to
collaborate and contribute. The website data is collected
and analyzed using Wikipedia-miner
2 [9] and OpenCalis
3
toolkit. These tool uses natural language processing to ﬁnd
the main keywords from the text and use machine learning
algorithm to match the keywords to Wikipedia articles and
Drupal vocabulary and linked with the knowledgebase. This
allows the broaden the categories and tags of the questions
and answers and allows wider ﬁeld to search for information
and experts.
1http://stackoverﬂow.com/
2http://wikipedia-miner.cms.waikato.ac.nz/
3http://www.opencalais.com/2. STACKOVERFLOWASPURPOSIVESO-
CIAL NETWORK
A network with a purpose, as name suggests, is created
when people come together with a common objective to get
information, build knowledgebase, solve problems or achieve
some common goal. The six-degree of separation theory says
that each of us is connected to any random person in the
world through the right six people we know but in the world
of blogs, forums and messaging board this barrier is broken.
One does not have to know anyone personally or profession-
ally to interact with one another [10]. In online world, where
geographical boundaries are dissolved and have a certain de-
gree of anonymity and privacy, people can reach to others
with similar background and interest. StackOverﬂow can be
considered as purposive social network where experts in the
ﬁeld of computer programming and software development
ask questions and provide answers. The users also do the
quality control in the website where they up vote good ques-
tions and answers and down vote bad content and moderate
the community because of strong incentive. The motive for
users to join such network varies from interaction with users
with similar expertise and interest to solving the problem
and gaining reputation for their knowledge. It is a purpo-
sive community where people create a symbiotic relationship
and help other users by providing knowledge beneﬁcial to
the group [12]. The lifespan of any communicative channel
is small, once the question is answered, users do not partic-
ipate in the thread any longer.
StackOverﬂow website uses many of the crowdsourcing
and social features of Web 2.0 to create a purposive social
network ecosystem. It is like a forum and messaging board
where user broadcast their questions to whole community of
experts in a ﬁeld and are not directed toward any one user.
Any user who has the answer can response, the questioner
can accept the answer or could wait for a better response
from others. User create knowledge using the wiki function
of the website and other users can add to the knowledge-
base. Moderators also edit the answers provided to improve
the quality. They also tag their question from the list of
tags used in the website, this allows all the users subscribed
to a tag to see the questions and answers, hence folksonomy
help to categorize the content. Users also rate the quality
of the questions and answers by voting it up or down to re-
move spam and repeated questions and help in sustaining
high quality of content. Human computation is done when
user asks questions about the errors they have in their pro-
gram, generated by the compilers, and provide solutions and
algorithms to solve it.
3. CROWDSOURCINGINPURPOSIVESO-
CIAL NETWORK
Crowdsourcing system is a good example of a purposive
social network where people are contributing and creating a
knowledgebase and utilizing the power of network to achieve
common goal. This system depends on the user contribution
and self-sustaining systems are diﬃcult to model. An eﬃ-
cient crowdsourcing social network requires motivated user
who contribute and ﬁnding and retaining users and moti-
vating them with enough incentive to contribute is a major
part [14]. It is also used to manage and moderate the com-
munity and do quality control. StackOverﬂow uses all these
crowdsourcing technique to sustain the system and below
are the following issues it faces.
3.1 Recruiting and Retaining Users
StackOverﬂow depends on large amount of user partic-
ipation to create an active community. There are several
methods to get users to contribute, like making users to play
games or making it a requirement for users to contribute, as
in reCAPTCHA where user have to digitize the image to
ﬁnish the task. The popular option is asking for volunteers
and to make the system easy to use, free and open so people
can contribute and create a vibrant community with like-
minded people. The downside of this is that it is hard to
predict how many people will actually participate and con-
tribute in the whole process and this type of system requires
a good incentive model that keeps user motivated enough to
contribute and maintain the quality of knowledge [2].
3.2 Incentive Model
Designing an incentive model for a large-scale crowdsourc-
ing system is complex. It should be easier for people to con-
tribute but also keep track of the quality of content created,
a trade-oﬀ is done where it is made for people to participate
and appropriately rewarded for good or bad behaviour and
quality of the content. StackOverﬂow works on the users de-
sire to be recognized and when users establishes reputation
and is recognized as an expert in the area, the user generates
more quality content and is motivated to participate in the
community [11]. Users who generate quality questions and
promptly answers are rewarded for their contribution with
badges or points as positive reinforcement. Similarly, when
people are spamming or creating poor quality content or
are asking repetitive question are given negative points and
their contents are eliminated for the lack of quality with the
entry restrictions. The maintaining of high quality knowl-
edgebase brings back the users and they are more careful
with the quality of their submissions [5]. Another way to
encourage user participation is to give the ownership of the
content to its creator, this entitles the user and they become
responsible with the maintenance and quality of the prod-
uct. Also, creating a competitive environment where more
contribution makes the user the top contributor of the cate-
gory, this ensures higher rate of returning and contribution
from the participants [13]. An approval-voting scoring rule
and a proportional-share scoring rule can enable the most
eﬃcient equilibrium with complements information, under
certain conditions, by providing incentives for early respon-
ders as well as the user who submits the ﬁnal answer [6].
3.3 Quality Control
Collective voting to rank large user generated content con-
trols the quality of information displayed on the web page,
the higher quality content is displayed more prominently
and the lower quality content is surpassed and spams are re-
moved. By using the thumbs-up or thumbs-down style rat-
ings by the users, questions on StackOverﬂow higher qual-
ity contributions are prominently displayed by placing them
near the top of the page and pushing lower quality ones to
the bottom. Since content displayed near the top of the
page is more likely to be viewed by a user, ranking good
content higher leads to a better user experience. Another
beneﬁt is that it also provides an incentive to produce high
quality content that might appeal to a contributors desirefor attention [7]. Rank order mechanism is used to inﬂu-
ence the quality of the content and research has shown that
the game theory model is used to motivate the attention
driven users and generate higher quality content and cre-
ate a better environment for information distribution and
sharing. The users that generate higher quality are featured
prominently on the page and the proportional mechanism
distributes the attention in proportion to the positive votes
received. This creates a game theory equilibrium that fa-
cilitates higher quality posts and accordingly rewards the
users creating a large incentive to participate in voting and
contributing [4]. A text analysis of the user content also
determines the quality of the posts. A post with punctua-
tion, grammar and typos can be easily analyzed to create an
estimate of the knowledge and expertise of the contributor.
Also, the syntactic and semantic complexity if the texts give
an approximation of the overall knowledge of the user and
their proﬁciency with the topic [1].
3.4 Search and Discovery of Quality Content
The amount of content generated in user generated knowl-
edge system is large and it is diﬃcult to ﬁnd the high quality
content in a large-scale community. User voting and tagging
is another use of crowdsourcing to search and discover ap-
propriate information. Users vote the best questions and
answers to the top of the web page and make it easier for
people to discover the information. People also tag the con-
tent with appropriate keywords and categorize information
that makes it easier to browse related content. The draw-
back of such system is that the users are bound by the tags
available to use in the website. Creation of new tags requires
moderators approval and large reputation points, this makes
harder for new users who are not sure about the category
of their question to reach the right experts, hence get the
right answers. Also, the users are categorized as experts in
individual tags in the website, there is no means to ﬁnd the
experts who overlap in two or more categories. If the expert
is not subscribed to the correct tags, they will not be able
to see the questions and help other users.
4. STACKOVERFLOW DATA ANALYSIS
4.1 Network Linkage and Social Ties
The StackOverﬂow questions, answers and user proﬁle
data and meta data is collected using it’s API. The tags data
and it’s number of instances is collected by screen scraping
and all the data analysed in this paper are publicly available.
In this analysis, the users asking and answering questions,
voting the responses and commenting are the main enti-
ties of the social network. Their network ties are measured
Post Type Number
Questions 3279233
Answers 6578079
Registered Users 1225580
Tags 30408
Unanswered Questions 780535
Badges 3454994
Votes 26184363
Comments 12526162
Table 1: StackOverﬂow at glance as of June 2012
Figure 1: Related tags clustered together [3]
by their communication and interaction between them i.e.
through asking questions and answering them, voting on the
posts and commenting on them. The communication net-
work is studied to see the social ties of the individuals [10].
The amount of their contribution is measured by crowd-
sourcing where people give up votes or down votes to their
posts and the badges they receive for their contribution. As
of June 2012, there are over one million registered users in
StackOverﬂow and more than 3.2 millions questions asked
by users. The questions are categorized using tags and in-
dividual users can subscribe to tags to receive daily email
of all the question asked in the tag. There are more than
30 thousand tags associated with various questions and an-
swers. Users have casted more than 26 million votes to mark
the good questions and answers. In the year 2012, each ques-
tions have on average 1.645 number of answers. Despite high
user feedback and participation, 23.79% of questions are not
answered or the answers do not receive any up votes. On
average a question receives 2.006 answers and .12% of ques-
tions receives more than 15 answers.
The questions and answers are provided with tags to cate-
gorize and arrange for easy search and discovery. The analy-
sis of questions shows that most questions (70.30%) have 2 to
4 tags associated with it. The relationship between the tags
shows the overlapping of networks and how it is tied with
one another. [3] provided an interactive graph in his web-
site to show the relationships between the most popular tags
and how closely they are related to each other. In Figure 1
each segment size is directly proportional to the number of
instance it is used and the connection between the tags in-
dicate the times they have been used together in a question.
The thickness of the connection shows the strength of the
relations. The segment is colour coded by the frequency of
connections, red segments are strongly connected and blue
segments are weakly connected.
The clustering of the tags shows the relationship between
the tags and technologies. The two popular tags JAVA and
Android are closely related to each other but are scarcely
joined with other tags. The strongest relationship is betweenjQuery and JavaScript because the overlapping framework
of the two programming languages. C, C++ and C# are
also a closely related groups as well as iOS, Objective-C and
iPhone. However, sometimes Objective-C is also tagged with
C, C++ and C#, if by mistake or deliberately can be ar-
gued. There is a large cluster of connected web development
languages, CSS, HTML, JavaScript and jQuery, indicating
the close knit use of these technologies in development of
website and web applications. The interesting thing is the
relationship between the scripting langue PHP and Python,
they are popular tags but are sparsely connected with other
tags and are weakly linked with database related tags.
4.2 Incentive Design and Quality Control
There are more than 1.2 million registered users in Stack-
Overﬂow and they ask the questions, answer it, vote it and
moderate the community. Despite the high content gener-
ation by the users, 56.02% do not interact or contribute to
the website, they have 1 reputation point that they receive
while joining the website. There are 669554 users with 1 rep-
utation point and there is one user with 452951 reputation
points. The distribution of the users reputation shows that
more than half of the users are lurkers and the elite users
with the most reputation points are the editors and modera-
tors of the community and are considered the expert in their
ﬁeld. Although the website had 17 million unique visitors in
the month of January 2013 [8], most of the users of website
do not register or contribute to the knowledgebase.
The website uses an elaborate point system and contribu-
tion badges to encourage user participation. The reputation
of the user has a direct correlation with the trust in the
community. There are 77 diﬀerent types of badges given to
the user based on their contribution from the badge for user
who asks questions with 1 reputation point (Student), to
the user who edits the answers to make posts better (Edi-
tor) and there are badges even for an active user for a year
(Yearling). This type of virtual acknowledgement of eﬀorts
encourage the user to participate and contribute to the web-
site. The top contributor and user with highest reputation
are featured on the question page, giving the user more visi-
bility and acknowledgement of their expertise. This encour-
ages participants to accumulate more points and contribute
to get recognition.The other method that encourages the
users to participate is the promptness of the response. The
analysis of the posts shows that half of the questions get an
answer within an hour of the posting and within a day the
questions receives an accepted answer. When the answers
are delayed, the questioners look for alternative websites to
get a response.
When an answer is voted up user gains 10 reputations
and 5 points when the question is voted up. When an an-
swer is accepted the user receives 15 points and looses 2
point when a question or an answer is voted down. Nega-
tive point system keeps the spamming in check and repeated
questions and answers are avoided. Higher reputation points
gain more privileges as 15 point are required to up vote and
50 points allows users to comment. To stop harassment and
spam, user requires 125 points to vote down and it costs the
user 1 reputation point. The incentive model is thorough
and higher reputation points open more gates for users to
interact and contribute and be acknowledged as the expert
in their ﬁeld.
The community thrives because of the high quality of con-
tent and it is possible by the user’s action and moderation.
Users vote up the good questions and answers and vote down
the bad quality content or repeated posts. There are more
than 6 million votes casted in the website and the user with
enough reputations are allowed to cast 40 votes per day.
The analysis of the questions and votes shows that ques-
tion receives 3.06 votes and an answer receives 0.99 votes on
average. One question received negative 115 votes and the
highest vote received to a question is 2499 and an answer
received negative 57 votes and the highest vote is 4432.
5. USEOFLINKEDDATAINSTACKOVER-
FLOW
The StackOverﬂow dataset is sparsely annotated by user-
generated tags and it is not linked with any other datasets.
When user creates a question, they add tags to it to cat-
egorize into diﬀerent topics but the answers have the tags
from the questions. Also, all the main topics inside the
text of question or answer is not clearly stated. or prop-
erly annotated. A sample (for the month of June 2012) of
the question, answer and tag data is annotated with the
links from Wikipedia datasets using Wikipedia Miner and
Drupal datasets using Open Calais to resolve the name and
topic disambiguation. These services do the name entity
recognition and match the entities with the appropriate top-
ics and categories, the returned data is further transformed
into RDF and linked with the DBpedia dataset using special
scripts.
Table 3 shows that the name entity recognition, creating
vocabulary and matching the keywords to a topic and link-
ing it to another knowledgebase provides additional infor-
mation. This leads to better search and discovery of infor-
mation and using this information an expert in a particular
ﬁeld can also be determined. JAVA being a programming
language is also an Object Oriented language and the expert
of JAVA also has a good grasp of Object Oriented program-
ming concept and hence can help users in both scenarios.
5.1 Expert Finder
StackOverﬂow shows Jon skeet as the top user or an ex-
pert of C# with more than 80 thousand points and Alex
Martelli in Python with more than 19 thousand point, with-
out the tag disambiguation they only appear as an expert on
a particulate tag, not the joint concept of the topic. When
the tags are disambiguated and the keywords are matched
to the topics, both Java and C# is categorized at the Object
Oriented programming language and here Jon Skeet is con-
sidered as an expert in the whole area with more 120 thou-
sand points. Similarly, when the programming languages
are further categorized as server side scripting language with
Python, PHP and Perl as main languages, Alex Martelli is
considered as an expert and the user CMS is expert in the
clients side languages such as Java and AJX with 12 thou-
sand points.
Semantic web and linked data helped in topic recognition
and disambiguation and experts in broader concept and also
specialized ﬁeld can be ascertained even though these infor-
mation is not present in the main website. Table 3 only
shows the experts in StackOverﬂow domain, when the data
from multiple website and question/answer forums are com-
bined, the linked data can help ﬁnd experts in across domainTag Top User with reputation point
C# Jon Skeet (80.6k)
Java Jon Skeet (39.7k)
Python Alex Martelli (19.8k)
PHP Pekka (9k)
Javascript CMS (12.3k)
Table 2: Top users of top tags in StackOverﬂow
Disambiguated Keywords Top User
Object Oriented prog. (C#, Java) Jon Skeet (120.3k)
Programming lang.(C#, Java) Jon Skeet (120.7k)
Serverside Scripting lang. (Python,
PHP)
Alex Martelli (20.2k)
Clientside Scripting lang.
(Javascript, AJAX)
CMS (12.3k)
Table 3: Top users of top disambiguated topics in
StackOverﬂow
in bigger set of users and help in better search and discovery
of experts and information.
6. CONCLUSION AND FUTURE WORK
Social networking is part of human interaction and com-
munication process and the WWW has made it easier and
simpler for people to connect and interact. In this paper
StackOverﬂow website, a question and answer forum for
programmers, is studied to see the creation and framework
of purposive social network that thrives on user contribu-
tion and crowdsourcing for creating emergent knowledge-
base.This type of system requires a strong framework to sup-
port engagement and incentive for people to contribute. The
post of the website is analyzed to see the network ties and
user interaction, the incentive model is studied to see how
the website with a small community of programmers cre-
ated a self sustaining environment for user to participate and
continuously create high quality questions and answers and
solve problems. A sample of data is converted into RDF and
Linked Data and Wikipedia miner and Open Calais tools is
used to solve the name entity problem. These tools does a
natural language processing on the text and uses machine
learning algorithm to match the name with Wikipedia topic
and Drupal vocabulary. The keywords and topics are cate-
gorized and linked with other knowledgebase. The analysis
shows that using Linked Data helps in better categorization
and search and discovery of information and topic. It helps
in ﬁnding the right experts and related questions and an-
swers that cannot be previously done in the StackOverﬂow
website. This shifts the long tail of the power graph where
more information and experts are accessible to users and
creates a better social machine. In the future, this frame-
work is to be applied to other question-answering system
like Reddit or Quora to integrate the knowledgebase across
websites and platforms. This would make more informa-
tion and experts available to new users, provide them with
wider knowledgebase and help in solving problems quickly
and eﬃciently.
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